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SECTION I
INTRODUCTION
1. BACKGROUND

The AIRCRAFT SHELTER-DICE THROW Project was part of the DICE THROW Series of
High Explosive Tests conducted by Field Command Defense Nuclear Agency (FCDNA)
at White Sands Missile Range, Mlew Mexico. The project dealing with Aircraft
Shelters was conducted by the Air Force Weapons Laboratory (AFWL) and was jointly
funded by the Air Force Civil Engineering Center (AFCEC) and the Defense Nuclear
Agency (ONA). This test concluded the DICE THROW Series which included a charge
configuration development program (PRE-DICE THROW 1), and a calibration program
(PRE-DICE THROW 11},

The AFWL's participation in the DICE THROW Series was directed toward
satisfying Air Force Civil Engineering requirements in the area of airbase
structures and involved research in support of the hdrdened strategic structures
program (ref. 1).

The test was conducted on 6 October 1976 at U800 hours.

2. (OBJECTIVE

The overall objective of this project was to obtain experimental data for
the development of hardened aircraft shelters by measuring and recording the
following:

a. The lvading and dynamic response of a one-third scale, proposed aircraft
shelter closure subjected to face<on airblast pressure (ref. 5).

b. Tha response of a one-third scale TAB VEE shelter arch,

¢. One-third scale upgraded TAB VEE shelter arch when exposed side on to an
airblast environment (ref, 4).

d. The airblast and ground motion effects on a buried surface flush air-

craft shelter (ref. 6).
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3. SCOPE

The purpose of this report is to present a sumary of the test data. This
summary will include the following:

(a) A description of the site location and layout.

(b) A description of the test shelters.

(c) The configuration of the explosive.

(d) Test instrumentation to outline the specifics of the instrumentation
systems used to obtain motion, displacement, and stress data, the requirements
for measurements, measurcment 1ist, measurement jocations, and placement,

(e} The raw and corrected data plots.
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SECTION 11
TEST DESCRIPTION

1. SITE LOCATION AND LAYOQUT

The AIRCRAFT SHELfER-DICE THROW test was conducted on the White Sands
Missile Range, New Mexico. The test site is located 2} km (13 miles) southeast
of the Stallion Range Center in the northern portion of White Sands Missile
Range. The Stallion Range Center is located 138 km (86 miles) south of
Albuquerque, New Mexico, on Route [-25, to the San ~ntonio, ilew Mexico, exit
19 km (12 milns) east on New Mexico Route 380 and 29 k.. (18 miles) south on
WSMR Route 7, The site is at an elevation of 1,442 m (4,730 ft) above sea level
in the northern gortion of the Jornada Del Muerte Basin. ii.e topography of the
area is even, and the nearest mountains are approximately 13 km (8 miles) to
the east, Figure 1 shows the site vicinity plan, figure 2 shows the si%e loca-

tion plan, and figure 3 shows the layout of the AF.. Shelter;.

2. CHARGE CONFIGURATION

There were 57;,000 «g (630 tons) of ammonfum nitrate/fuel ofl (AN/FO) which
simulated a nuclear blast and shock environment far the various structures field-
ed in the test, The AN/FO was placed at ground zero as shown in figure 3,
Figure 4 illustrates the AN/FQ stack and the specifications of the charge.

3. TEST CONFIGURATION

The AIRCRAFT SHELTER-DICE THROW Test provided a simule® ' nuclear blast
and shock environment for target response and vas used to confirm the empirical
predicticns and calculations for itock resp 4se of the sholters. One-third size
models of a prototype TAB VEE shelter, TAB VEL upgrade closure, and a hard-

flush  chelter were tested. A brief desciiption of each model {s given below.

7
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4.55
(14.9')

9.10 m

P (29.9")

» Constructed with 22.7 kg (30 1d) bags of AN/FO and voids
filled with loose AN/FO

* Initiation system consists of seven combination pentolite/octal
boosters and Reynolds RP-1 detunators

* Charge density 5.5 to 9.0 kg/a’ (0.031 to 0.033 18/1nd)

* Detonation velocity from 4000 to 4730 m/sec (13,00 to 13,000
ft/sec)

Figure 4, AIRCRAFT SHELTER-DICE THROW AN/FOQ Charge Canfiguration

10
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a. Upgraded Aircraft Shelter Closure - Shelter "A", Scaled
The MIXED COMPANY Event (ref. 2) indicated that the Shelter Closure was

much weaker than the arch. Because of this, it was decided that any future
upgrade of the shelter should first consider upgrading the closure. A closure
system was designed and developed in sufficient detai] to permit testing of the
system. The closure was sized for the first Generatiuva Shelter (14 m [48'] span)
and consists of a massive one-piece reinforced concrete slab, with reinforcing
webs along the outer edge and at the center line.

A one-third scale model of this closure was placed face-on to the blast at
a range of 150 m (492.13 ft). At this range the blast was expected to produce
measyrable inelastic response of the closure. However, it was not expected to
prcduce sufficient deformation of the closure to prevent it from opening after
the test. For test purposes, a short length of shelter arch was constructed to
support the closure. A sketch of the closure and the suppor: arch.are shown in
Figure S, For test purposes this shelter was designated as Aircraft Shelter "A",
Figure 6 is a photograph of the as-built configuration of shelter A", The
closure rolls on roller units located in a foundation trench as shown in figure
7. Figure ¥ illustrates the closure during installatfon, and figure 9 shows the
closure in the open position,

The actual inelastic response experienced by the closure did not appear to

" be sufficient to prevent post-test opening, MHowever, the closure did experience

sufficient rigid-body displacement to prevent it from opening after the test.
Visual observation of the ¢losure indicated its general response was to
move ubward. with the top of the closure moving towards the shelter arch, and
the bottom of the closure moving away from the arcn, and coming to rest on the
top of the foundation slot. Some shear failure was also cbserved in the closure
panels, .
Fiqures 10, 11, and 12 are photograrhs of the damage incurred on the closure.
n
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—t

Shelter "A" Roller Units For Closure Located In
Foundation Trench

Figure 7,

14
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18

Of Damage Incurred on Closure

Figure 11. Shelter "A* sjJe View
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resulting from the blast,

. (1) As-Built Construction Details

The upgraded shelter closure was fabiicated by the Civil Engineering

Research Facility (CERF) on Kirtland AFB, NM. It was later tranﬁporied to the
test site and erected on the previously constructed foundation slot and adjacent
supporting shelter arch.

Photographically reduced construction drawings of the closure, foundatior
slot, and arch are included in Appendix A, The drawings were continuously up-
dated as the actual construction progressed and thus reflect the as-built

configuration,

Two types and sizes of reinforcing steel bar were ysed in the model construc-
tion of the arch and foundstion slot. The no, 3 bar (9.5 rm [3/8 inch]) diameter)
conformed to ASTM specification A-615, with o yield strength of 410 MPa (60 ksi).
The no. 2 bar was 6 mm (.236 inches) diameter reinforcing steel with streagth
characteristics similar to grade 60 steel (490 MPa, 71 ksf). Figure 13 is a

plot of the stress/strain characteristics of the no. 2 bar.

o
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Figure 13, Stress-Strain Curve For s2 Rebar
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The steel used in constructing the closure consisted of no. 10 gage (3.4 mm
1.236 inches]) thick hot rolled steel plate conforming to ASTM specification
A-415, with a yield strength of 280 MPa (40 ksi).

The concrete used for the on-site construction of the shelter consisted of
20 mm {3/4 inch) maximum sized aggregate for the foundation and floor slab; and
10 *wm (3/3 inch) maximum sized aggregate for the arch. The mix was designed to
have a nominal 28 day strength of 28 MPa (4,000 psi). Tests were conducted on
sample cylinders and the results are compiled in Tables 1 and 2. The average
cylinder strength for the arch and foundation on shot day was 34.8 MPa (5,000
pst). The average cylinder strenyth for the closure on shot day was 27.9 MPa
(4,000 pst).

The arch and closure support structure foundations were backfilled at the
approximate optimum moisture content and compacted to approximately 90. AASHO
density. The fnntyngs rested on undisturbed native material,

(2) Instrumentation
Instrumentation for the shelter and closure consisted of 93 active
electronic measurements including Llast pressures, accelerometers, velocity
gages, displacement gages, and strain gages. Four pressure sensitive gagei were
also installed in the foundation slot to measure bearing stress transmitted to
the foundatisn slot from the closure. .

As-built instrumentation layout details are containec {in Appendix A. For
other details on the 2lectronic measurements see Appendix B.

A1l high speed camera and technical motion picture documentation were lost;
however, for information purposes, the locations d4nd perspectives of the cameras
are presented in Appendix C,

(3) Data Presentation
Tﬁe data presentation consists of the following corrected and raw
data plots:
21
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(2) Pressure-time
(b) Velocity-time
(¢) Acceleration-time
{d) Displa -napt-time
(e) Strain-time
(f) Interface Pressure-time
Table 3 shows the measurement numbers for the above measurements that
pertain to shelter "A". These same measurement numbers are contained on the
header of each plot,
A table preceaes each set of data plots, listing by the above measurement
numbers, the corrections performed on that particular measurement.

The data for shelter A is presented {n Appendix D,

24
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Table 3. Shelter "A* Instrumentation,

93 Electronic Measuremengg,

Btase Sttain Interface

Prosa, Aceel. Vel, Displ. Stecl Rebar Pre o
29 101 225 Jjo01. 461 493 551
0 102 226 302 462 494 332
n 103 7 303 46) 49% s
32 104 .28 304 464 496 3
33 [} 229 308 48 497
34 230 S 466 498
b 1) 221 467 499
36 ? 463 500
» 469 501
38 470 502
3 N 03
40 472 504
41 473 50%

42 424 306
43 . 473 S14
A% 476 518
45 : 477 Sis
46 478 [}
18 479
480
48]
482
48
484
483
486
487
488
489
490
491
492
%07
508
309
sio
511
512
T
39
25
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b. First Generation (TA3 VEE) Shelter Arch-Shelter ®8% Scaled
A modified one-third size TAB VEE arch structure was tested at an over-
pressure range consistent with a similar test on the MIXED COMPANY test series
(ref, 2). The shelter was oriented side-on to the blast at a range of 180 m
(600 ft) to provide d-ta to correlate with the MIXED COMPANY DATA. At this
range the blast was expected to produce measurable inelastic response of the
arch,

The model was a modified TAB VEE arci in that the doubly corrugated steel
liner with 457 nm (18 inches) of 1ightly reinforced concrete used in the TAB VEE
hardened shelters was represented by a scaled reinforced concrete T-beam without
a steel liner. A separate effort to determine which type and conf{guration of
T-beam would be most equivalent to the prototype shelter section was undertaken
and is reported in reference 3. Figure 14 presents a sketch of the First Genera-
tion (TAB VEE) Shelter Arch. For test purposes this shelter has been designated
as Shelter "8". Figure 15 is a photograph of the as-built configuration of
Shelter *B".

Visual observation of shelter B indicated o consideradble amount of inelastic
response did occur. The arch deformed approximately 185 mm at the crown. Severe
cracking was noticeable tnroughout the exterior and interior of the arch. The

backwall was partially separated from the arch. Severe cracking and spalding

 were also evident inside the arch. The stiffener collar was severely damaged

with large extensive cracks and spalding; however, it was quite obvious that
the arch was much stiffer at the collar location,
Figures 16 and 17 are post-test photographs of the structure,
(1) As-Built Construction Details
This shelter was constructed by Falcon, Inc. of Socorru, AM.
Photographically reduced as-built construction drawings of the shelter are
contained in Appendix A,
28
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Two types and sizes of reinforcing steel were used in the model construction
of the arch. The no. 3 bars (9.5 mm [3/8 inches]) conformed to ASTM specifica-
tions A-615, with a yield strength of 410 MPa (60 ksi). The no. 2 bar was 6 mm
diameter reinforcing steel with strength characteristics similar to grade 60
stee. (490 MPa, 71 ksi). Figure 13 contains the stress/strain characteristics
of these bars.

The concrete used for the construction of the shelter ccnsisted of 20 mm
(3/4 inches) maximum sized aggregate for the foundation, and 10 mm (3/8 inches)
maximum sized aggregate for the arch. The mix was designed for a nominal 28
day strength of 38 MPa (4,000 psi). The concrete for the foundation was ready-
mix concrete, transported approximately 72 km (45 miles) to the site. The arch
concrete was produced on site, and placed with a concrete pump,

Tests were conducted on sample cylinders of the concrete used fbr
various parts of the shelter. Table 4 shows the results of the cylinder tests.
The average concrete cylinder strength on shot day was 34.4 MPa (5,000 psi).

The structure foundation was backfilled at the approximate optimum moisture
content and compacted to approximately 965 modified AASAQ density. The footings
rested on undisturbed native material,

(2) Instrunentation '

Instrumentation for the shelter consisted of 54 active electronic
measurements, including blast pressures, accelerometers, velocity gages, and
strain gages.

As-built instrumen’ation layout details are contained in Append“x A. For
other details on the electronic measurements see Appendix B.

A1l high speed camera and technical motion picture documentation were lost;
however, for information purposes, the locations and perspectives of the cameras

are presented in Appendix C.
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(3) Data Presentation

The data presentation consists of the foliowing corrected and raw

data plots:

o ¢ o

(a) Pressure-time

[,

{0) Velecity-time
(¢l Acceleration-time - i
(d) Strain-time
Table 5 shows the measurement numbers for the above measurements that pertain
to shelter "8, These same measurement numbers are contained on the header of
each data plot.
A table precedes each set of data plots, listing by the above measurement
numbers the corrections performed on thac particular measurement,
The data for shelter "B" is presented in Appendix E. f
C. Upgraded First Generation (TAB VEE) Shelter Arch - Shelter "C" ‘scaled b
This upgraded TAB VEE arch structure was tested, oriented side-cn to
the blast at a range of approximately 150 meters (500 ft). This shelter is the
same as Shelter "B", but with a heavy overlay of concrete. As with Shelter "B",
end walls were constructed at each end of the structure to prevent entry of
blast pressure. This shelter was also a modified one-third linearly scaled
model with the same reinforced concrete T-beam as shelter "B", replacing the
corrug: ted steel liner. The upgraded portion of the model is an overlay of
reinfofced concrete, which is 508 mm (20 inches) thick at the crown.and flared BT -
to 1,21 m (4 feet) at the foundation., A general description of the shelter is |
provided in figure 18. Figure 19 is a photograph of the as-built configuration
of shelter "C",
Visual inspection of shelter "C" indicates, as expected, structural response
remained elastic., There was very little cracking of the structural concrete,
Figures 20, 2i, and 22 are post-test phctographs of the structure,
33 4 i
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Table 5, Shelter B, Measurci.ent Numbers

Blase Pres, Accal, Vel Stratn
1 105 201 401
2 106 202 402
3 107 203 403
4 __!._0_3_ 204 404
5 4 205 423
é 206 406
7 207 407
8 208 408
9 209 409

10 210 410
11 211 411
s2 212 412
13 232 413
-}Q_ 233 A4
14 234 as
235 416

6 417

418
419

A0
20
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Figure 2]. <Shelter “C* Cracks On Front Of Shelter Resulting From Blast
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Shelter “C* Cracks On Roof Of Shelter Resulting From Blast

Figure 22,
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(1) As-Built Construction Details
This shelter was also constructed by Falcon Iac. of Sccorro, NM,
As built construction Jrawings of the shelter are contained is Appendix A.

The same types and sizes of reinforcing steel were used ia this sheiter as
in shelter “B*,

The same concrete mix, hauling, and placing procedures were uysed for shelter
*C* as for shelter “B". Table 6 contains the results of the sample concrete
cylinder tests taken on the concrete used in the shelter. The average concrete
cylinder test sti ~th on test day was 31.3 MPa (4500 psi).

The structure was backfilled at the approximate optimum moisture content
and compacted to approximately 93. modified AASHO density. Tme footings rested
on undisturbed native macerial.

(2) Instrumentation
Instrumentation for the test structure counsisted of 74 active
electronic measurements, including blast pressures, accelerometers, velocity
gages, and strain gages.

As-built instrumentation layout details are contained in Appendix A. For
other details on the electronic measurements see Appendix B.

A1l high speed camera and technical motion picture documentation were lost;
however, for information purposes, the locations and perspectives of the cameras
are presented in Appendix C.

(3) Data Presentation
The data presentation consists of the following corrected and
raw data plots:
{a) Pressuce-time
(o) Velocity-time
{¢) Acceleration-time

(4) Strain-time
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Table 7 shows the measurement numbers for the above measurements that
pertain tn shelter "C*. These same measurement numbers are contained on the
headers of the data plots.

A table precedes each set of data plots which lists by the above measurement
numbers the corrections performed on each measurement.

The data for shelter "C" is presented in Appendix F.

D. Hard Flush Aircraft Shelter - Sheiter "D" gcaled

The fourth structure tested in the event was a one-third size model
of a Boeing designed underground aircraft shelter. The model did not include
a hydraulic elevator system as in the prototype design. This item was eliminated
as a cost savings factor. Figure 23 is a sketch of the HYard Flush Aircraft
Shelter. For test purpeses, this shelter was designated as Sihelter "0". Figures
24 and 25 are photographs of sheltar during construction. Figure 26 is a photo-
graph of the completed shelter with the AN/FQ charge in the baékground.

The purpose of testing the model was to obtain experimental verification
of the airblast and related ground shock protection level afforded by this
advanced sheiter concept,

The shelter was buried at a distance of 90 m {295.3 ft) from ground zero
with the top flush with the ground. The shelter was exposed to 2.1 MPa (265 psi)
incident overpressure level,

Visual observation of the test structure post-test indicated it sustained
minor damage only, There were diagonal cracks at the top corners of walls
toward ground zero, (see Figure 27). There were also several cracks running
parallel on top of the roof, perpendicular to the ground zero azimuth, (see
Figure 28). Damage inside the shelter was limited to minor cracks, and one
large spall on the fixed cantilever roof. See Figures 29 and 30, A large steel
frame placed in the shelter to support hydraulic jacks, for 1ifting of the roof

pre- and post-test was moved only about 6§ mm, (1/4 inch), [see Figure 31).
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Table 7.

Shelter C, Measurement Numbers

215
216
217
218
219
220
221
222
223
224
236
237
218
23

16

44

Strain

421
422
423
424
425
426
427
428
429
429
431
432
433
434
433
436
437
438
439
440
441
442
443
444
445
446
447
448

450
451
452

~Continued-
432
453
454
433
456
457
458
459
460

—————
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{1) As-Built Construction Delails
The Hard Flush Aircraft Shelter was constructed by the Rutherford
Construction Company of Albuquerque. Photographically reduced as-built construc-
tion drawings of the shelter are contained in Appendix A.

Four different sizes of reinforcing steel were used in the model construc-
tion, all of which conformed tc ASTM Specifications A-615, Grade 60, with a yield
strength of 410 MPa (60 ksi),

Seven different thicknesses of steel plates were used ia the construction.
A1l plates conformed to ASTM Spec. A-36.

The concrete was batched on site and consisted of 20 sm {3/4 inch) maximum-
sized aggregate. The mix was designed to have a nominal 28-day strength of 28
MPa (4,000 psi). Tests were conducted on sample cylinders of the concrete used
for the various parts of the shelter., Table 8 shows the results of the coﬁcrete
cylinder tests. The average strength of these tests on test day was 33.5 MPa,
(4,850 psi).

The shelter walls were backfilled at the approximate optimum moisture
content and compacted to an average modified AASHO density of 94.5 percent.

(2) Instrumentation

Instrumentation for the shelter consisted of 76 active electronic
measurements, 16 of which were in the free field. The 16 free field gages were
on the centeriine of the structures, and 3 m (9.8 ft) from either edge of the
structure toward and away from ground zero. Other measurements included blast
pressures, accelerometers, velocity gages,:strain gages, and interface pressure
gages. The As-Built instrumentation layout details are contained in Appendix A.
For other details on the electronic measurements, see Appendix B.

A1l high speed cameras and technical motion picture docunentation of the
shelter during the test event were also lost because of a switch being accidens
tally activated prior to the test event, However, for informatfon purposes, thne
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locations and pérspectives of the cameras are presented in Appendix C.
One of the photo poles shown i1 Appendix C behaved much Tike a passive
scratch gage and showed the relative vertical motion of the shelter floor and
the bottom of the moveable roof. The photo pole is Jabeled "Target for Camera
#1* in Appendix €, and a photograph of it is shown in Figure C-3. The scratch
on the pole indicated a relative vertical motion of approximately 35 mm (1-5/16*;.
{3) Data Presentation
The data presentation consists of the following corrected and

raw data plots:

(a)
: (b)
{c)
(d)
(e)

Pressure-time
Velocity-time

Acceleration-time

‘Strain-time

Interface Pressure-time

Table 9 shows the measurement rumbers for the above measurements that
pertain to shelter "D". These same measurement numbers are contained on the
. headers of the plots.
A table precedes each set of data plots which lists by the above measure-
ment numbers the corrections performed on each measurement.

The data for Shelter D is presented in Appendix G.
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Table 9.

116

ns
119
120
121
122
123
124
125
126
127
126

129
17

Shelter D, Measurement Numbers

yei

240
241
242
243
246
247
248
249

%0
251
256

254

Interface Tres Staaln
954 517
555 s1A
356 519
557 320
ss8 5211
559 522
560 73]
13 524
562 528

9 s26
527
528
529
$30
ss1
L} ]
13
834
£31]
336
$37
338
339
340

.1
23
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APPENDIX B
INSTRUMENTATION

The instrumentation details and specificattonﬁ contained in this appendix
have been obtained from AFWL Technical Note DE-TN-76-003, DICE THROW Instrumen-
tation Plan. The information contained in this appendix is not all inclusive of
the information contained in the above Technical Note, which should be referenced,
for further required information,

1. MEASURAND/POLARITY CONVENTION

The cunvention used in setting up transducer output polarities was as
follows:

a, Ste?l strains - tension is positive

b. Blart pressure, normal interface pressure - compression positive

¢. Acceleration and velocity - motions downward, radially outward,
longitudinally away from ground zeroc and azimuthally clockwise are positive.

d. Relative displacement - Distance between points increase is positive.

2. TRANSDUCERS ‘

The different typas of transducers for each type of measurement, and
specifications for those transduce~s are given below.

a. Velocity Measurements, Roth vertical and horizontai velocity measure-
ments were made using the Sandia DX type velocity gages manufactured by Bell and
Howell. Their specifications follow:

(1) Horizontal Velocity Transducer 364137

PERFORMANCE SPECIFICATIONS
Range: 3 1 to +500 ft/sec
(*.3 to +150 m/s)

Undampened Natural Frequency: 3 Hz + 0,25 Hz
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Resolution: Infinite
Linearity of Undampened Gcuge: 0.5 % of full scale

Repeatability of Undampened Gauge: 0.5s of full scale

Hysteresis of Undampened Gauge: +0.25% of full scale
Shock Load: 500 “g* any axis
(5¢ km/s-)

The transducer performance is not degraded by 5 half-sine acceleration
pulses of .30 ms in duration and 5000 "g" (50 km/s-) magnitude. Special pivots
were secured within the head assemoly, when subjected to the above environment,
no degradation will oczur beyond the specification parameters. The E-core will

remain tight and in place during the shock excursion.

Temperature Sensitivity of full
range: Less than 1,54 per °C

Qutput: AC differential, compatible with carrier

oscillators and amplifiers

Power Qutput: 1 watt maximum

Qutput Impedance: (28 ¢ ju 0.18) ohms full bridge nominal
Excitation: ‘ 3 kHz 10V RMS

Physical Specifications: See 0D00: CED 364137

Weight: 520 grams

(2) VErtical Velocity Transducer 364142
PERFORMANCE SPECIFICATIONS

Range: +1 to +500 ft/sec (+.3 to +150 m/s)
Undampened Natural Frequency: 3 Hz +0.25 Hz

Resolution: Infinite

Linearity of Undampened Gauge: 0.5% of full scale

Repeatability of Undampened Gauge: 0.5% of full scale
Hyste=esis of Undampened Gauge: H0.25% of ful: scale

13
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Zero Adjust: Capability Provided
Shock Load: 5000 *g* any axis (-50 km/s?)

The transducer performance will not be degraded by 5 half-sine acceleration
pulses of .30 ms in duration and 5000 "g* (50 km/s®) magnitude. The special
pivots are secured within the head assembly, and when subjected to the above
énviranment. no degradation will occur beyond the snecification parameters. The

E-core will remain tight and in place during the shock excursion.

Temperature Sensitivity of full

range:

Qutput: AC differential, compatible with carrier
osciilators and amplifiers,

Power Qutput: 1 watt maximum
Qutput Impedance: (28 + juw 0.18) ohms tull bridge nominal
Excitation: | 3kHz 1OV RMS
Physical Specifications: See DOD: CED 364142
Weight: 520 grams

The velocity gage used a silicon fluid compound manufactured by Dow Corning,
Series 210, as a damping fluid. The gage velocity range and response was
changed by using damping fluids of different viscosities. The viscosities

available and the corresponding approximate.)inear ranges are:

(centistokes) S Y i
7000 (7x1073 mi/s) 8rass Pendulum
5000
3000 200 (60 my/s)
2000 100 (30 m/s)
1000 | 75 (23 mys)
80
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/ Viscosity Approximate Linear Range
| {Centistokes) (Ft/Sec
| | 500 30 (10 ws)
200 18 (5 w/s)

Because the damping fluid viscosity is temperature dependent, a number of
thermistors were installed at velocity transducer locations. Accurate calibra-
tion of these thermistors enabled the temperatures at the velocity gage locations
to be Zetermined through measurement of the thermistor resistances, These
temperature determinations were made frequently and logged.

b, Acceleration

Acceleration measurements were made on the shelter closure and shelters
using the following acceleration transducers:
Endevco Model 2260C-500 MI 500 g (5 km/s<)
Endevco Model 2260C-250 MI 250 g (2.5 km/3?)
Specifications for these gages are as follows:
(1) Accelerometer, Model 2260C-500 MI.
This instrument is a general purpose, moderite range accelero-
meter of the piezoresistive type. It has a strain gage bridge with active arms
and two fixed resistors of 5000 each. Provision is made for shunt calibration

in a 6-wire system. Its frequency range extends from static to 3500 Hz.

ENCEVCO PIEZITE Type P-9 semiconductor crystal material is used.

CHARACTERISTICS
Jynamic Range +500 g
Sensitivity 0.35mV/g nominal

Combined Linearity and

Hysteresis 1% maximum of reading to S00g

8
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frequency Response
Mounted Natural Frequency
Damping

Transverse Sensitivity
Temperature Response
Compensated Range

Thermal Sensitivity Shift

Thermal lero Shift

Zero Balance

Electrical

Rated Excitation

Resistance (room temperature)
Input

Qutput

Internal Fixed Resistor§

Connector
Insulation Resistance

Warmup Time

Physical

Dimensions
Weight
Material
Finish
Mounting
Marking

5., 0 to 3500Hz, +10::, O to 4500 Hz
18 kHz nominal
.01 of critical

3., maximum in any transverse axis

-65°F to +250°F
-6,./0/-7% at -65°F/+75°F/250°F nominal

+12 mV maximum at -65°F and 250°F
Reference +75°F

+ mV maximum at rated excitation and 75°F

10.00 Vdc

330:; nomiral
375.: nominal
500 +1%

has integral 6 conductor cable with shield
and jacket

greater than 100 .. M at 100 vdc, all leads
to case

1 minute

1.0" x .61 diameter, 5/8" hex base
1.0 oz. ‘

Type 416 stainless steel

Mirror polish

Provision for 10-32 x 1/8" stud

Manufacty- »~'< name; Model number - Range;
Serial Nu.

82
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Environmental

Temperature Range

Operating «b3%F to +edu’F
Non-Qperating <100°F to +300°F
Humidity Epoxy sealed

Accelcration Limits (any directian)

Static +1500 g
o Sinusoidal 210009 at frequencies below 3500 Hz
g Shack +1500g half sine pulse, 300, sec or longer

duration

ACCESSORIES

Instructional Manual

Calibration Card

Stud 2981-3

Shipping Box
CALIBRATION SUPPLIED

Sensitivity

-

Input [mpedance

OQutput Impedance

Maximum Transverse Sensitivity

Mounted Resonance Frequency

Zero Measurand Output
" (2) Accelerometer Model 2260C-250M!

Tnis instrument is a general purpose, moderate range accelero-
meter of the piczoresistive type. It has a strain gage bridge with two active

arms and two fixed resistors of 500. each. Provision is made for shunt calibra-
tion in a 6-wire system., Its frequency range er'rrds from static to 2500 He.
Type P-9 semiconductor crystal material s ysed.
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| CHARACTERISTICS
| |
i Dynarmic Range +25Ug
Sensitivity 0.7 mV/g nominal
Combined Linearity and
Hysteresis +1. maximum of reading to 250g
Frequency respcnse +5 , 0w 2500 Nz, it 0 to 3000 Hz
Mounted Natural Frequency 14 kHz numinal
Damping U7 of critical 4
Transverse Sensitivity 3 maximum in any transverse axis
Temperature Response
Compensated Range -02°F to +25U°F
Thernal Sensitivity Shift -6 /U/-7 at -£5°F/+75°%/250°F nominal
Thermal Zero Shift 3;2 ?v maximum at -65°F axd +250F; Reference -
+75%
Zero Balance + mV maximuw at rated ercitation ana 75°F
|
Electrical {
Rated Excitation 10.00 vdc
- Resistance (room temperature) .
Input 330.. nominat ‘1 i
Qutput 375.. numinal
Internal Fized Resistors 500.. +1
Cable Has integral 6 conductor cable with shield
and jacket.
insulation Resistance Greater than 100M at 100 vdc, all leads to
case.
Warmup Time 1 minute
Prysical
Ji.ensions 1oJ" voLel liareter, o =" ngy tase »
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STRAIN GAGE SPECIFICATIONS

Model Model
CEA-06-062uw-350 CEA-06-125-uw-350 -
Resistance in ohms 350 + .3, 350 + .3
Gage length 1.57mm 3.18mm
Overall length 5.59mm 8.26mm
Grid width 3.05mm 4,57mm
Overall width 3.05mm 4.57mm

The gages feature large integrai copper solder tabs and a completely
encapsulated grid. The CEA gage series is a general-purpose strain gage. The
constantan grids are completely encapsulated in polyimide, with large, integral,
copper-coated terminals. This gage is primarily used for general purpose static
and dynamic stress analysis.

Temperature
Range: -~10C°F to +400°F (-75°C to +205°C)

Strain Range: +3. for gage lengths under 1/8" (3.2 mm). +5i for 1/3" and
over, :

Fatigue Life:
Strain level in
Microstrain: +1500
Number of cycles: 10"

The gage is self-temperature - compensated.
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APPENDIX C
PHOTOGRAPHIC DOCUMENTATION

All high speed camera and technical motion picture documentation of the
closure during the test event were lost because of a switch being inadvertently
activated prior to the test event. However, for information purposes the
locations and perspectives of the cameras are presented in this appendix.
Photographs of tie camera placement and targets are contained in Figures C-1
through C-5.

1. Shelter A

Six cameras were to be utilized on this shelter. Two outside cameras
were to document the gross response of the closure, concentrating on the door/
shelter interface. Four cameras positioned inside the shelter were to record:
(a) the movement of the closure, especially the rebound behavior, (b) the rela-

tive displacement of the arch rrown to the footings, and (¢) the interface

characteristics of the arch and interior door support collar. The locations of

the cameras relative to the structure are shown in Figures C-1, C-2, & C-4;

The two outside cameras were high speed (1000 fps); the insi&e cameras were
400 fps.

2. Shelter B

One camera was placed inside the shelter to observe the relative dis-

placement of the arch crown to the footings. This camer: was located on the
shelter floor near the rear wall looking forward toward the front of the arch,
The shelter ceiling and much of the sidewails near the mid-shelter length were

in the field of view. This canera had a depth of focus such that the interface

" between the arch and the interior door support were to be clearly visible. The

camera used in this shelter was a 40’ fps camera.

89
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3. Shelter ¢
Shelter "C* was to have the same photographic coverage as Shelter B.
4, Shelter D
Four cameras were to be used in this shelter to record motion of the
shelter roof. These cameras were located as shown in Figures C-3 and C-5.
Motion of the roof was to be recorded through observation of relative motion
between moving and stationary (reference) targets. As shown in Figures C-3 and
-5, targets were fabricated from steel pipe and welded to imbedded steel plates
in the shelter roof or floor. All cameras in this shelter were high speed

(1000 fps) cameras.
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-

Viewing
Upward s

&L

Figure ¢.zShelter "A" Camera Locations, Top View (Internal) ‘
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APPENDIX D
AIRCRAFT SHELTER "A" DATAvPRESENTATIOR
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DICE THROW § - E - A - 1.07 - 1.14 - 2.68 -3 -1

BP

w
m >
M UM

)
w
"

x
wr
non

= 7 Courdinate,
Y Coordinate, meters

—— X Coordinate, meters

- Structure designation
A = Tab Vee Upgrade Closure

—Data recording method
E = Electronic

- General type of measurement
3 = Structure
F = Free field

Test designation

Figure D2. Measurement Designation System
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Type of

1. vage sensing
axis

measuremeny

Blast pressure
Acceleration

Velocity
Relative

displacement

Steal rebar
strain
Steel plate
strain
concrete
strain

Hoop stra.n
interface
pressure
Seil stress

meters
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DATA CO\ECTIONS

NSP -~ points ne -e been despiked.

SKT - a modificd henning smcoth hes .
been per formec. : .
FIL - a fragquency cut-off or a bana
re;ect ligital fiiter has teen
maage.

BLC - the Co-. has been baseline
correcret,

IV - tre pnlarity has been reversed,
On €2 1 page, the corrccied p 2 i at the top and the wacorrected plot

ic at the ottor, Each acceleration 1lut is followed by jt< integral.
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DiCE THROW S

Figure 2.

£E -8 -2

“ Data recording method

£ = Electronic

S = Structure
F = Free field

— Test designation

L— General type of measurement

195

0.5 - 3 - R
.. Gage sensing
axis

Type of measurement
P = Blast pressure
A = Acceleration
Y = Velocity
RD = Relative
displacement
SE = Steel rebar
strain
SS = Steel plire
strain
CS = Concrete strain
H3 = Moop strain
1P = Interface
pressure
FS = Soil stress

— 2 Coord¢inate, meters

L ¢ Coordinate, degrees
— R Coordinate, meters

L Structurs designation
B = Tah Vee mode!

Measurement Designation Sy;tem

—rmm— o
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DATA CORRECTIONS

OSP - points have been despiked,

SKT - a modified Hanning smooth has
been performed.

FIL - a frequency cut-off or a band
rticct digital filter has been
made,

8LC - the data has been daseline
corrected.

IHY = the polarity has .uven reversed,

On each page, the corrected plot fs at the top and the uncorrected plot
{s at the Doltom. Each acceleration plot ts followed by fts integral.
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OICE THROW S - E - C - 3.22 - 30. - 0.5 - BP - R

L Gage sensing
axis

Type of measurement
BP = Blast pressure
A = Acceleration
vV = Velocity
RD = Relative
displacement

SE = Steel rebar
strain

§S = Steel plate
strain

CS = Concrete strain

HS = Hoop strain

IP = Interface
pressure

FS = Soil stress

— I Coordinate, meters
e § Coordinate, degrees

b R Ccordinate, meters

== Structure designation
C - Tab Vee upgrade

- Data recording method
£ = Electronic

- General type of measurement
S = Structure
F = Free field

— Test designation

Figure F2. Measurement Designation System
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DATA CORRECTIONS

DSP - points have been despiked.

SMT - a modified Hanning smooth has
been performed.

FIL

a frequency cut-off or a band
reject digital filter has been
made,

BLC - the data has been baseline
corrected.

INV - the polarity has been reversed,
On each page, the corrected plot is at the top and the uncorrected plot

{s at the bottom. Each acceleration plot is followed by {ts integral.
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COORDINATES
. MEAS, R ] z MEAS. SENS.
NO. METERS DEGREES METERS TYPE AX1s DATA CORRECTIONS GENERAL LOCATIONS
443 2.7% 90 3.50 SE R DSP,SMT Inner Reinf, Upgrade/Near Su
443 2.7% 120 3.50 SE r osp,sMT Inner Reinf, Upgrade/Near Su
445 2.74 150 3.50 SE R DSP,SMT Inner Reinf, Upgrade/Near Su
436 319 30 3.50 St R 0SP,SMT Quter Reinf Upgrade/Near Sup
447 3.19 &0 3.50 SE R OSP,SMT Outer Reinf Upgrade/Near Sup
448 3.18 90 3.50 SE R DSP,SMT Outer Reinf Upgrade/Near Sup
449 .12 120 3.50 SE R DSP,SMT Quter Reinf Upgrade/Near Sup
450 3.19 150 3.50 SE R DSP,SMT Outer Reinf Upgrade/Near Sup
45} 2.74 30 6.58 SE R PSP, SMT Inner Reinf Upgrade/Middle o
452 2.74 60 6.58 SE R OSP,SMT Inner Reinf Upgrade/Middle o
453 2.74 90 6.58 SE R DSP,SMT Inner Reinf Upgrade/Middle o
454 2.74 120 6.58 SE R OSP,SMT Inner Reinf Upgrade/Middle o
455 2.78 150 6.58 SE R 0SP,SMT Inner Reinf Upgrade/Middle o
456 3.19 30 6.58 SE R DsP,SMT Outer Reinf Upgrade/Middle o
457 .19 60 6.58 SE R DSP,SMT Outer Reinf Upgrade/Middie ¢
458 .19 90 6.58 SE R 0SP,SMT Quter Reinf Upgrade/Middle o
459 319 120 6.58 SE R 0SP,SMT Quter Reinf Upgrade/Middle o
460 3.19 150 6.58 SE R DSP,SMT Quter Reinf Upgrade/Middle o
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At Ground Level:
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E

e Test designation

0

Figure G2.

10.86 - 10.0 - 21.26 -

=X Coordinate, meters

- Structure designation
D = Boeing hard-flush shelter

~Data recording method
€ = Electronic

= General type of measurement

S = Structure
F = Free field

Measurement Designation System

k)

- Y

L Gage sensing
axis

Type of measurement

BP = Blast
pressure

-A = Acceleratior.

V = Velocity

RD = Relative
displacement

SE = Steel rebar
strain

'SS = Steel plate
strain

CS = Concrete
strain

HS = Hoop strain

IP = Interface
pressure

FS = Soil stress

—e I Coordinate, meters

- Y Coordinate, meters
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DATA CORRECTIONS

DSP - points have been despiked,

SMT - a modified Hanning smooth has
been performed.

FIL - a frequency cut-cff or a band
reject digital filter has been
made,

BLC - the data has been baseline
corrected.

INV - the polarity has been reversed.
On each page, the corrected Plot is at the top and the uncorrected plot
is at the bottom, Each acceleratton plot {s followed by its integral,
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